■ Tabella 31.2- Virus oncogeni e tumori associati. 
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Tabie 18.1. Retrovirus Groups 
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Deltaietioviruses 
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Walleye dennal sarcoma virus 
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Second-generation transplant of chicken tumor #1 (4). 

© Rous, P (1910) Originally published in J Exp Med 12:695-705 
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FIGURE 28.37 Scheme of the theft (transduction) of a gene (proto-oncogene) by a retrovirus. In the first step of this process, an 
ancestral virus integrates its genome in the chromosomes of an infected cell. This virai genome then transduces a cellular proto-oncogene, 
which therefore comes under the control of the virus. A normal celi infected bv this recombinant virus can no longer control the trans- 
duced, activated genetic fragment (oncogene) and is condemned to multiply out of control. (Adapted with permission from [234].) 
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Fig. 33.2 - Rapporti tra rctrovirus e cellula ospite che danno origine a un oncogene virale. 
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■ Figura 22.2 - Disegno schematico illustrante l'origine di un retrovirus trasformante acuto 
(portatore di v-onc) da un virus precursore trasformante lento (privo di v-onc). Come esempio è 
portato il virus del sarcoma di Rous. a) Retrovirus aviario precursore (privo di v-onc e fornito dei 
geni gag, po\, env) che infetta una cellula di pollo. Il genoma virale è stato trascritto in DNA dalla 
transcriptasi inversa; ai suoi estremi le sequenze regolatone (LTR). 1) Inserzione del genoma virale 
nef genoma ce/fo/are. bj Genoma ceiioìare in cui è preserie il protooncogène src (costituito da 
introni e codoni) in prossimità del quale si è iserito il genoma virale. 2) Trascrizione in RNA. 
c) RNA in cui sono stati trascritti i geni virali ed i soli codoni del src. 
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Tnble 18.3. Diffei ences Between v-onc and c-onc Genes 



Often only a portion of the cellulai oncogene is present in v-onc. 

v-onc is derived from piocessed niRNA, which is devoid of intionsand flanking sequences. 

Loss of cellulai control elementi (pioinotersiepiessois a.s well a.s RNA destabilizei s) for some oncogene* (myc and mos) 
elevated level of expression in itself may be transforming. 

Deletions i eanangements may affect the structure of the protein ìtself: 

• Loss of C-tenninal Tyr-containing region of c-src cause» loss of phosphoiylation-mediated control by host celi kinases. 

• v-erb B differs from EGF receptor by deletion of the extracellular domain. 




Table 3.3 Acutely transforming retroviruses and the oncogenes that they have acquirecP 



Name of virus 


I Virai 


Species 
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oncogene 
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Rous sarcoma 


src 


chicken 


sarcoma 


non-receptor TK 


Y73/Esh sarcoma 


yes 


chicken 


sarcoma 


non-receptor TK 


Fujinami sarcoma 


fps b 


chicken 


sarcoma 


non-receptor TK 


UR2 


ros 


chicken 


sarcoma 


RTK; unknown ligand 


Myelocytomatosis 29 


myc 


chicken 


myeloid leukemia c 


transcription factor 


Mill Hill virus 2 


m/7 d 


chicken 


myeloid leukemia 


ser/thr kinase 


Aviari myeloblastosis E26 


myb 


chicken 


myeloid leukemia 


transcription factor 


Avian myeloblastosis E26 


ets 


chicken 


myeloid leukemia 


transcription factor 


Aviari erythroblastosis ES4 


erbA 


chicken 


erythroleukemia 


thyroid hormone receptor 


Avian erythroblastosis ES4 


erbB 


chicken 


erythroleukemia 


EGF RTK 


3611 murine sarcoma 


raf 


mouse 


sarcoma 


ser/thr kinase 


SKV770 


ski 


chicken 


endothelioma (?) 


transcription factor 


Reticuloendotheliosis 


rei 


turkey 


immature B-cell lymphoma 


transcription factor 


Abelson murine leukemia 


abl 


mouse 


pre-B-cell lymphoma 


non-receptor TK 


Moloney murine sarcoma 


mos 


mouse 


sarcoma, erythroleukemia 


ser/thr kinase 


Harvey murine sarcoma 


H-ras 


rat, mouse 


sarcoma 


small G protein 


Kirsten murine sarcoma 


K-ras 


mouse 


sarcoma 


small G protein 


FBJ murine sarcoma 


fos 


mouse 


osteosarcoma 


transcription factor 


Snyder-Theilen feline sarcoma 


fes f 


cat 


sarcoma 


non-receptor TK 


McDonough feline sarcoma 


fms 


cat 


sarcoma 


CSF-1 RTK 


Gardner-Rasheed feline sarcoma 


fgr 


cat 


sarcoma 


non-receptor TK 


Hardy-Zuckerman feline sarcome 


kit 


cat 


sarcoma 


steel factor RTK 


Simian sarcoma 


sis 


woolly monkey 


sarcoma 


PDGF 


AKT8 


akt 


mouse 


lymphoma 


ser/thr kinase 


Avian virus S13 


sea 


chicken 


erythroblastic leukemia^ 


RTK; unknown ligand 


Myeloproliferative leukemia 


mpl 


mouse 


myeloproliferation 


TPO receptor 


Regional Poultry Lab v. 30 


eyk 


chicken 


sarcoma 


RTK; unknown ligand 


Avian sarcoma virus CT10 


crk 


chicken 


sarcoma 


SH2/SH3 adaptor 


Avian sarcoma virus 17 


jun 


chicken 


sarcoma 


transcription factor 


Avian sarcoma virus 31 


qin 


chicken 


sarcoma 


transcription factor 11 


AS42 sarcoma virus 


mai 


chicken 


sarcoma 


transcription factor 


Cas NS-1 virus 


cbl 


mouse 


lymphoma 


SH2-dependent ubiquitylation 
factor 



Abbreviations: CSF, colony-stimulating factor; EGF, epidermal growth factor; G, GTP-binding; PDGF, platelet- 
derived growth factor; RTK, receptor tyrosine kinase; ser/thr, serine/threonine; SH, src-homology segment; TK, 
tyrosine kinase; TPO, thrombopoietin. 



■ Figura 22.3 - Fibroblasti murini 
in coltura transfettati con DNA 
estratto da un tumore vescicole 
umano subiscono la trasforma- 
zione neoplastica. L'inoculazione 
dei fibroblasti trasformati in topi 
immunodepressi determina lo svi- 
luppo di un tumore. Il DNA estratto 
dal tumore murino contiene gli on- 
roneni umani. 
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Tabella 4.1. Principali proto-oncogèni umani con omologhi trasdotti nel genoma di retrovirus. 
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ABL 


9q 


Tlrosina chinasi 


Nucleo, citoplasma 


Leucemia murina di Abeison 


AKT/PKB 
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Linfoma murino T AKT8 
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17q 
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Nucleo 
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3p 


Recettore nucleare 


Nucleo 


Eritroblastosi aviaria 


ERB-B1 


7p 


Recettore rnembranario 


Plasmamembrana 


Eritroblastosi aviaria 


ERB-B2 


17q 


Recettore rnembranario 


Plasmamembrana 
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ETS2 


21 q 


Fattore di trascrizione 


Nucleo 


Leucemia aviaria E26 


FES' 


15q 


Tirosina chinasi 


Come ABL 


Sarcoma felino di Snyder-Theilen 


FGR 


1p 


Tirosina chinasi 


Come ABL 


Sarcoma felino di Gardner-Rasheed 


FMS 


5q 


Recettore rnembranario 


Plasmamembrana 


Sarcoma felino di McDonough 


FOS 


14q 


Fattore di trascrizione 


Nucleo 


Osteosarcoma murino FBJ 


FPS* 


15q 


Tirosina chinasi 


Come ABL 


Sarcoma aviario di Fujinami 


Ha-RAS1 


11p 
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Tabella 4.2. PhncigajjDroto^ 



c-ONC 
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Caratteristiche della proto-oncoproteina 
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Recettore dell'HGF 


Plasmamembrana 




gastrico, carcinoma renale papillare 






PIM-1 


Leucemia mieloide, linfomi 


Serina/treonina chinasi 


Citoplasma 


RIG 


Insulinoma 


Fattore di trascrizione 


Nucleo 


TAL-1 


Leucemia linfoblastica T 


Fattore di trascrizione 


Nucleo 



* Neoplasie ove questi proto-oncogèni risultano "attivati" in seguito a fenomeni di traslocazione cromosomica, mutazione puntiforme, 
riarrangiamento o amplificazione genica. 

** AT = angiotensina; FGF = fattore di crescita per i fibroblasti; GAP = fattore attivante la funzione GTPasi di proteine G; GEF = fattore 
rilasciante nucleotidi guanidilici: li scambia con proteine G; HGF = fattore di crescita per gli epatociti. 
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Table 3.4 Examples of cellular genes found to be activated b y insertional mutaqenesis 



Gene 


Insertional mutagen 


Tumor type 


Species 


Type of oncoprotein 


myc 


A 1 % # 

ALV 


B-cell lymphoma 


chicken 


transcription factor 


myc 


«Iti r^i i ; 

ALV, FeLV 


T-cell lymphoma 


chicken, cat 


transcription factor 


nov 


Ali/ 

ALV 


nephroblastoma 


chicken 


growth factor 


erbB 


ALV 


erythroblastosis 


chicken 


receptor TK 


mos 


IAP 


plasmacytoma 


mouse 


ser/thr kinase 


int- 1 a 


MMTV 


mammary carcinoma 


mouse 


growth factor 


mt~2° 


li il li il TI / 

MMTV 


mammary carcinoma 


mouse 


growth factor 


int-3 


iv ii iv n t\/ 
IVI IVI 1 V 


mammary carcinoma 


mouse 


receptor- 


int-H/int-5 


IV il IV il TW 

MMTV 


mammary carcinoma 


mouse 


enzyme d 


pim- 1 


IV il ~ n n | \# 

MO-MLV 


T-cell lymphoma 


mouse 


ser/thr kinase 


pim-2 


i\ n ^ iva i \# 

MO-MLV 


B-cell lymphoma 


mouse 


ser/thr kinase 


bmi" 1 


IV il ^ r\ /i 1 \ / 

MO-MLV 


T-cell lymphoma 


mouse 


transcription repressor 


tpl-z 


■V il ^ IVA | V / 

MO-MLV 


T-cell lymphoma 


mouse 


non-receptor TK 


lek 


MO-MLV 


T-cell lymphoma 


mouse 


non-receptor TK 




MO-MLV 


T-cell lymphoma 


mouse 


transcription factor 


r^hii ree 
u/W-Cir 


1 A D 

lAr 


myelomonocytic leukemia 


mouse 


growth factor 


/Z.2 


GaLV 


T-cell lymphoma 


gibbon ape 


cytokine e 




IAP 


T-cell lymphoma 


mouse 


cytokine 


K-ras 


F-MLV 


T-cell lymphoma 


mouse 


small G protein 


CycD7 


F-MLV 


T-cell lymphoma 


mouse 


G1 cyclin 


CycD2 


Mo-MLV 


T-cell lymphoma 


mouse 


G1 cyclin 



a Subsequently renamed Wnt-1. 

b Subsequently identified as a gene encoding a fibroblast growth factor (FGF). 

c Related to notch receptors. 

d Enzyme that converts androgens to estrogens. 

e Cytokines are GFs that largely regulate various types of hematopoietic cells. 

Abbreviations: ALV, avian leukosis virus; FeLV, feline leukemia virus; F-MLV, Friend murine leukemia virus; GaLV, gibbon ape 
leukemia virus; GF, growth factor; IAP, intracisternal A particle (a retrovirus-like genome that is endogenous to cells); Mo-MLV, 
Moloney murine leukemia virus; MMTV, mouse mammary tumor virus; ser/thr, serine/threonine; TK, tyrosine kinase. 



LTR gag poi env LTR 





■ Figura 31.3 - Modelli di attivazione di oncogèni da 
parte di retrovirus. a) interazione del provirus in prossimità 
di un oncogène cellulare. Il promotore nella LTR attiva 
l'oncogène; b) l'oncogène viene incorporato nel genoma 
vitale; c) transattivazione da parte del gene fax. 
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Figure 1 1 The HTLV-1 provirai genome. 
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Figure 4 1 The HTLV-1 oncoprotein Tax activates two survival pathways, NFkB and Akt, to promote celi survival 
and prolif eration. Tax activates nuclear factor KB (NFkB) in two ways (see inset). The first is through a canonical pathway 
involving an IKKa-IKKp-IKKycomplex that results in the nuclear migration of a RELA-p50 NFkB cornplex.The second is a 
non-canonical pathway that uses an IKKa-IKK y-NFicB2 (plOO) complex, which results in the nuclear translocation of a 
transcripitonally active RELB-p52 NFkB complex. RELA, RELB, plOO, p52and p50 are ali members of the NFkB protein 
fami ly. Details of how Tax activates these two NFkB routes are reviewed elsewhere 148 . Tax also activates Akt signalling 
through direct contact with phosphatidylinositol 3-kinase (PI3K). HTLV-1, human T-cell leukaemia virus type 1. 



Table 1 1 Cellular activities modulateci by Tax 



Activated by lax 


Lonsequences 


Cell-cycle phase activators (CDK2 and 
CDK4; cyclin D2; cyclin D3; WAFl; E2F1) 


Accelerated Gl-S progression and DNA 
hyper-replication 


Growth receptorsand proliferative 

r ,11-, l l l < r- 1 1 -\ f~\ III il r n 

factors (IL2 and ILI 5; IL2Rccand IL15Ra; 
telomerase; PCNA) 


Increased cellular proliferation and 

■ i Lirn f -v k i a ■ 

decreased NER DNA repair 


Transcnption factors (CREB; API; SRF) 


Increased cellular proliferation 


Survival factors (Akt; NFkB) 


Suppression of apoptosis and/or 
senescence; aneuploidy 


Centrosome amplification (RANBP1; 
TAX1BP2) 


Aneuploidy 


Inactivated byTax 


Cell-cycle phase inhibitors(pl5, pi 6 and 
pl8;RB;DLGl) 


Increased cell-cycle phase transition 


DNA repair factors (DNA polymerase P; 
MMR) 


Increased ambient DNA breaksand 
microsatellite instability 


DNA damage response (p53; CHKl; 
CHK2; telomerase; KU80) 


Suppression of apoptosis and/or 
senescence; abrogation of tumorigenesis 
barri er 


Chromosome instability checkpoint 
(MAD1;CHK1) 


Aneuploidy 



API, activator protein 1; CDK, cyclin-dependent kinase; CHKl, checkpoint kinase 1; CHK2, 
checkpoint kinase 2; CREB, cyclic AMP responsive element binding protein; DLGl, discs large 
homologue 1; IL, interleukin; ILl5Ra, interleukin 15 receptor a; IL2Ra, interleukin 2 receptor 
a; MADl, mitotic arrest deficiency protein 1; MMR, mismatch repair; NER, nuclear excision 
repair; NFkB, nuclear factor kB; PCNA, proliferating celi nuclear antigen; RANBPl, Ran- 
binding protein 1; RB, retinoblastoma; SRF, serum response factor (also known as MCMl); 
TAXlBP2,Tax-binding protein 2. 
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(neither immortai 
Q rw transformed) 

o 




Adult T Celi teukemia'lymphoma 
(immortal and Uansformed) 



■ Tabella 31.2- Virus oncogeni e tumori associati. 



| Gruppo di virus 


Tumore associato 




/. virus oncogeni o k/n/\ 
1 . Retrovi rus 


Tumori ematopoietici: vari 
tipi di carcinomi e sarcomi 


//. V/rus oncogeni a DN/ 
2. Hepadnavirus 


\ 

Carcinoma epatocellulare 


3 


. Papovavirus 
(Papilloma, Polioma 
SV 40) 


Vari tumori solidi, 
, papillomi e carcinomi 


1 


4 


. Adenovirus 


Vari tumori solidi 




5 


. Herpesvirus 


Linfomi, sarcomi e carcinomi 


6 


. Poxvirus 


Fibromi 





CICLO LITICO 

(cellula permissiva) 




CICLO TRASFORMANTE 

(cellula non permissiva) 



J 



PAPOVAVIRUS 






Proteine virali 
precoci (*) 



DNA virale 
integrato 




Sintesi di DNA 
virale e proteine 
strutturali (•) 





Fenotipo cellulare alterato 
Moltiplicazione cellulare 
Funzioni virali precoci 
Assenza di virus infettivo 



■ Figura 31.1 - Raffronto schematico di due tipi di intera- 
zione tra un virus oncogeno a DNA e la cellula ospite. 



Polyomaviruses 




pRb 



^^^^^^ 



Large T 
(708 aa) 



Adenoviruses 




pRb 




E1A 

(283 aa) 

Papillomaviruses 



pRb 



E1B 

(390 aa) 




E7 
(98 aa) 




ssa 



E6 
(158 aa) 





MANCATA TRASCRIZIONE GENI FASE S 



(b) 




INATTIVAZIONE DELLA p11Cf 

IPOFOSFORILATA TRASCRIZIONE GENI FASE S 



Figura 14.15. (a) Nel nucleo delle cellule in fase G1, l'anti-oncoproteina p110 rb allo stato ipofosforila- 
to forma complessi con alcuni fattori di trascrizione, tra i quali Teterodimero E2F1/DP1, impedendo 
loro di promuovere la trascrizione dei geni richiesti per l'avvio della fase S. La sua iperfosforilazione, 
indotta da stimoli mitogeni e operata dalle chinasi cicline-dipendenti Cdk4/6-D, rimuove questo bloc- 
co e consente alla cellula di transitare nella fase S. (b) I polipeptidi codificati dagli ORF E7 dei tipi di 
HPV ad alto potenziale oncògeno (HPV-16, HPV-18) interagiscono con elevata affinità con la p110 rb 
ipofosforilata impedendo che essa formi complessi con l'eterodimero E2F1/DP1 e altri fattori di tra- 
scrizione. Le cellule infettate, pertanto, possono transitare liberamente dalla fase G1 alla fase S. 



(a) 



(b) 




pRB 



Ciclo cellulare 



E1A dell'adenovirus 

E7 del virus del papilloma 

LgT di SV40 



] =E2F : 



f pRg j Ciclo cellulare 




(c) 



( 



(p53^ 



Apoptosi 



(d) 



E1B dell'adenovirus 
E6 del virus 
del papilloma 
LgT di SV40 




Apoptosi 



Table 9.1 Tumor viruses that perturb pRb f p53 



Virus 


Virai protein 


Virai protein 




targeting pRb 


targeting p53 


SV40 


largeT(LT) 


largeT (LT) 


Adenovirus 


EIA 


E1B55K 


HPV 


E7 


E6 


Polyomavirus 


largeT 


largeT? 


Herpesvirus saimiri 


V cyclin c 




HHV-8 (KSHV) 


K cyclin c 


LANA-2 


HCMV 


IE72 f 


IE86 



Epstein-Barr 



EBNA-li 



Human 



p63 




iDilloma Virus 



bax ► APOPTOSIS 

p21 

1 i 

Cyclln D/CDK4 tj 

RB-E2F ► GROWTH 

t^h ► ARREST 



Human Papilloma Virus 



HPV E6 



HPV E7 




1 p53 



bax 



1 p21 

1 



Cyclin D/CDK4 



RB-E2F 



APOPTOSIS 

GROWTH 
ARREST 




SV40 
Adenovirus 
HPV 




largeT(LT) 

EIA 

E7 

largeT 
V cyclin c 
K cyclin c 
IE72 f 



largeT (LT) 

E1B55K 

E6 

large T? 



E1B19K 3 



Polyomavirus 
Herpesvirus saimiri 
HHV-8 (KSHV) 
HCMV 



middle T(MT) b 
v-Bcl-2 d 



LANA-2 
IE86 



v-Bcl-2 f d v-FLIP e 
vlCA,9 pUL37 h 



Epstein-Barr 



EBNA-1J 



LMP1J 



a Functions like Bcl-2 to block apoptosis. 

b Activates PI3K and thus Akt/PKB. 

c Related to D-type cyclins. 

d Related to cellular Bcl-2 anti-apoptotic protein. 

e Viral caspase-8 (FLICE) inhibitory protein; blocks an early step in the extrinsic apoptotic 
cascade. 

f lnteracts with and inhibits pi 07 and possibly pi 30; may also target pRb for degradation in 
proteasomes. 

g Binds and inhibits procaspase-8. 

h lnhibits the apoptotic pathway below caspase-8 and before cytochrome c release. 
'Induces synthesis of cyclin D2 and binds and inactivates p16 INK4A . 

'LMP1 facilitates p52 NF-kB activation and thereby induces expression of Bcl-2; EBNA-1 acts via 
a cellular protein, USP7/HAUSP, to reduce p53 levels. 




Table 1 Oncogcncs of DNA tumor viruses 



Virus 


Gene 


Protein 


Location 


Function 


Polyomavirus 


A 


large T 


nucleus 


binds DNA 




hr-t 


middle T 


PM 


complexcs with 












c-src protein 








^mafi^™ 






SV40 


A 


large T 


nucleus/PM 


binds DNA, p53, and RB gene product 






small t 


cyto 


? 


Bovine papillomavirus 


E5 


44 a. a. 


7 


• 




E6 




? 

• 


? 


Adenoviruses 


EIA 


289 a. a., 243 a. a. 


nucleus 


transcnptional rcgulators; 



bincl RB gene product 



(EBNA) Epstcin-Barr nuclcar antigen; (LMP) latcnt membrane protein; (PM) plasma membrane; (RB) retinoblastoma. See 
Chapters 8-10 for greatcr detail. 




Table 1 Oncogcncs of DNA tumor viruses 



Virus 


Ucne 


Protcin 


Location 


Function 


Polyomavirus 


A 


large T 


nuclcus 


binds DNA 




hr-t 


middle T 


PM 


complcxcs with 












z-src protein 






small t 


cyto 


? 




SV40 


A 


large T 


nucleus/PM 


binds DNA, p53, and RB gene product 






small t 


cyto 


? 




Bovine papillomavirus 


E5 


44 a. a. 


7 


• 






E6 




? 

• 


? 




Adenoviruses 


EIA 


289 a. a., 243 a. a. 


nuclcus 


transcnptional regulators; 












bind RB gene product 




E1B 


53-58 kD, 15 kD 


nuclcus (?) 


? 


Epstcin-Barr virus 


EBNA1-4 


sevcral 


nuclcus 


? 


attivazione ciclina D 


LMP 


44 kD 


PM 


? 





(EBNA) Epstcin-Barr nuclcar antigen; (LMP) latcnt membrane protcin; (PM) plasma membrane; (RB) retinoblastoma. See 
Chaptcrs 8-10 for grcatcr detail. 




LATENT 
INFECTION 
WITH EBV 



POLYCLONAL 
B-CELL 
EXPANSION 



EBV receptor (CD21) 
EBV virus 



EBV-specifiC 
cytotoxic 
T celis 




B-cell killing 
by CTLs 



T 

Mutation 
(MYC translocation) 



B-cell 
growth 
controlied 



FURTHER 

GENETIC 

CHANGES 



OUTGROWTH 
OF NEOPLASTIC 
CLONE: BURKITT 
LYMPHOMA 





DNA virus 




I B 



inserimento vicino ad un protooncogene con 
conseguente attivazione trascrizionale 



Meccanismo della MUTAGENE SI INSERZIONALE 




Table 4.6 Viruses implicateci in human cancer causation 



Virus 3 


Virus family 


Cells infected 


Human malignancy 


Transmission route 


EBV 


H eroe svi ri da e 


B cells 


Burkitt's IvmDhoma 

*— ' V4 1 IX 1 ». V. _» Itili KV 1 1 W III V4 


saliva 






orooharvnaeal 

%0 1 K* 1 I KA IVI! XJ V» V* 1 


nasooharvnaeal carcinoma 

■ I V4 1 1 V4 IVI! XJ V» V* I X^ M I X. 1 1 1 V^/ III V4 


saliva 






eoithelial cells 










Ivmnhoid 


Ivmnhoma' 3 

■ VII! K/ I 1 W III V4 


Hodakin's dispasp 


HTLV-I 


Retroviridae 


T cells 


non-Hodgkin's lymphoma 


parenteral, venereal c 


HHV-8 d 


Herpesviridae 


endothelial cells 


Kaposi's sarcoma, body cavity lymphoma 


venereal 


HBV 


Hepadnaviridae 


hepatocytes 


hepatocellular carcinoma 


parenteral, venereal 


HCV 


Flaviviridae 


hepatocytes 


hepatocellular carcinoma 


parenteral 


HPV 


Papovaviridae 


cervical epithelial 


cervical carcinoma 


venereal 


JCV e 


Papovaviridae 


centrai nervous system 


astrocytoma, glioblastoma 





a Most of the viruses carry one or more potent growth-promoting genes/oncogenes in their genomes. However, such genes have 
not been identified in the genomes of HBV and HCV. 

b These tumors, which bear copies of EBV genomes, appear in immunosuppressed patients. 
c Parenteral, blood-borne; venereal, via sexual intercourse. 
d Also known as KSHV, Kaposi's sarcoma herpesvirus. 
e JCV (JC virus, a dose relative of SV40) infects more than 75% of the population by age 15, but the listed virus-containing 
tumors are not common. Much correlative evidence supports the role of JCV in the transformation of human centrai nervous 
system cells but evidence of a causai role in tumor formation is lacking. 



Tabella 14.1. Virus umani sospettati di svolgere azione oncogena. 




Virus 


Patologia infettiva 


Neoplasie associate 




Virus a DNA 








Epstein-Barr 
(EBV) 


Mononucleosi 
infettiva 


Linfoma di Burkitt 
Carcinoma rinofaringeo 
ivioroo 01 noagKin 
Linfomi T, Linfoepiteliomi 
Leiomiosarcomi 
Adenocarcinoma gastrico 


Ridotta immunocompeter 
fattori genetici 


rapnioma 10,1 0,00 
HPV-16/18/33) 


\/nrt'( i^hù A 

verrucne e 
condilomi 


tr^/~\ nrti op^^n r\ r^r\\k~ a /Assi 

carcinomi ano-geniiaii e uei 
distretto cervico-facciale 


Uso di contraccettivi o 
stato ormonale e/o immui 
logico del paziente; infezi 
da Chlamydia trachomati, 


Epatite B (HBV) 


Epatite 


Epatocarcinoma 


ingestione di aflatossinei 
altri agenti epatotossici; fi 
tori immunogenetici 


UJ ^ ri^Go\ /i #*i 1 0 Q /"\ Q * 

nerpesvirus 0 0 a 
(KSHV) 


ipertensione 
polmonare primaria, 
iperplasia angiolinfoide 


oarcoma qi rvaposi, iiniomi 
primari delle cavità sierose (PEL); 
malattia multicentrica di Castleman 
(varietà plasmoblastica) 


Ridotta immunocompeter 
infezione da HIV 


Jamestown Canyon** 
(JCV) 


Leucoencefalopatia 
multifocale progressiva 


Tumori gliali; carcinoma del colon 


Ridotta immunocompeten 


Virus a RNA 








Epatite C (HCV) 


Epatite 


Epatocarcinoma; colangiocarcinom; 


1 Sconosciuti 


Leucemia T 
(HTLV-1) 


Paraparesi spastica 
tropicale, uveite (HUV) 


Leucemia ATL 
Linfomi T anaplastici CD30 + 
Micosi fungoide/Sindrome 
di Sezary (alcuni casi) 


Fattori immunogenetici ] 

fanlntinn MI A9\ 



Table 2. HIV associateci malignancies 



1. Kaposi's sarcoma 

2. Cervical carcinoma 

3. Hodgkin's lymphoma 

4. Non Hodgkin's lymphoma 

5. Squamous celi carcinoma 

6. Plasmacytomas 

7. Primary CNS lymphoma 

8. Burkitt's lymphoma 

9. Pediatrie leiomyosarcoma 
10 Immunoblastic lymphoma 
11. Anal canal carcinoma 



Table 6 Mechanisms of activation of proto-oncogenes 



Mechanism 



Genette and biochemical consequences 



Examples 



Transduction 



Point mutation 



Insertion mutation 



Amplifìcation 

Chromosomal 
translocation 



Protein-pròtein 
interaction 



insertion of exons of a proto-oncogene 
into a retrovirus genome, usually with 
truncations or internai mutations of 
cocling sequences, causing effìcient 
production of an abnormal protein 

altered sequence and biochemical function 
of protein product 

augmented production of mRNA and protein, 
via promoter or enhancer in LTR; sometimes 
accompanied by truncation, fusion, or point 
mutation of coding sequences 

augmented production of mRNA and protein 
via increased gene dosage 

altered regulation of expression, 
sometimes with creation of hybrid 
proteins 

stabilization and altered biochemical 
function 



v-src 



c-Ha-nu 



c-myc t int-l 



N-myc 



c-myc, 
ahi -ber 



pp60 CI " and 
middle T Au 



Mancato o ridotto 
intervento di microRNA 



Carcinoma polmonare 
Leucemia linfatica cronica B 
Tumori mesenchimali benigni 



Ha-RAS 

BCL-2 

HMGA2 



